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Unlike Traditional
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In Reality, Identical Baselines
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Main ldea:
Demand that

redundant
baselines give

the same
results and fit
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Mathematically, an over-
determined system

Inputs

Parameters being fit

. nxny(nxny+ 1)/2
complex
correlations

- n,n, complex gains

2nn,-n.-n,+1
unique baselines

5
x
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True sky Instrumental

NOj

/\ signal
Measured

signal Sq (t) — il (t) + m(t)

/

Complex (J; = €
gain:

cij(t) s; (t)s(1)
g; 9ji (t)a;(t) + ng (O)n;(8) + @7 (#)n; () + ;5 ()ni(?)

g

i +19;

"

Assume zero mean

(cij) = 9:95vi—j(t)  wher vi—j(t) = (x; (t)z;(t))

e
s, = signal measured by antennai ; g, = gain of
. antenna
gi = i VP .
;I Ccorr: ¢; = measured corr
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(c12) = 919201

g Bw e (c23) = 959311

e o —>0e—>o (c31) = ¢g394m1
1 2 3 4 .

(c14) = 9194Y3

In{ci12) = (m +m2+ Injy|) +i(—p1 + @2 +argyr)

In(coz) = (e +m+Infy|) +i(—p2 + @3 +argy)

In{csg) = (m+m+In|y]) +i(—p1 + w2 + argyr)

In{cia) = (m+mna+1Injyz|) +i(—p1 + @4+ argys)

s, = signal measured by antennai ; g, = gain of

antenna |

= it
g = corr; ¢; = measured corr
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Real Part: Gains

[ Reln(cy1) \ /(20001000 \
Reln{coo) 020010001\ / m \
Reln{cs3) 00 2 01 00 0 12
Reln(cys) 000 21 000 N3
Reln{ci2) | | 1 1.0 0 0 1 0 O N4
Reln{eez) | | 0O 1 1. 0 0 1 0 0 In |yo
Reln(csy) 001 1 0100 In |1
Reln{c;3) 1 01 00 01 0 In |y
Re In{coy) 001 0100 10|\ Infyl)
\ Reln(cis) / \1 0 0 1 00 0 1) \
Have this Know this Want this
(data)

s, = signal measured by antennai ; g, = gain of

. antenna i
i 195

Ji =€ corr: ¢; = measured corr
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Real Part: Gains
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b=[A'A]' AN

s, = signal measured by antennai ; g, = gain of
.. antenna i
g; = el .
i corr; c; = measured corr
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A Problem With Degeneracies

b=[A'A]' AN

Real part (gains):

- No knowledge of absolute
gain.

Imaginary part (phases):

- No knowledge of absolute
phase.

- No knowledge of x-tilt.

- No knowledge of y-tilt.

s, = signal measured by antennai ; g, = gain of

 mtio, antenna |
g = ¢ corr: C; = measured corr
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1.4 0.2 0
Recovered n

s, = signal measured by antennai ; g, = gain of

. antenna i
i T1Ps
corr; C; = measured corr

gi =€
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True ¢

VOO r

0.04

-0.02

-0.04

0.06<—
—l:: C"‘)

0 0 134 Ci:»[,
Recovered ¢

s, = signal measured by antennai ; g, = gain of

gi =€

i +1ps

antenna |
corr: c.. = measured corr
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Recovered correlations
Simulated correlations
* Measured correlations
0 2 4 6
Re(Corr)

s, = signal measured by antennai ; g, = gain of

antenna |
corr: c.. = measured corr
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Im(Corr)
o

Simulated correlations
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Im(Corr)
o

Simulated correlations
Measured correlations
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Simulated correlations
* Corrected correlations
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Measured visibilities
4 *  True visibilities

ighty Issue
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Weighted Fit

h=[ATWATAWd
Wij = &ijleil”
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0.08 -

0.02}

True ¢
o

-0.02;

0.06 «  Weight ~ICI#
®  No weighting

-0 08¢ A A '
-Sos -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
Recovered ¢

s, = signal measured by antennai ; g, = gain of
antenna i

= it
g = corr; ¢; = measured corr
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Some Bias

0.5}

0 1 1.5

-1.5k
1 1 -05 0 05
Average recoveredn)
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Differences Between This and Traditional
Calibration

Traditional Scheme

Redundant Baselines

« Use closure phases

- Amplitude (gain)
calibration requires
point source

* Modeling may be
required

» Any sky signal can
be used for
calibration

- Redundancy

provided by
identical baselines
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Summary

- Redundant baselines provided by omniscopes can be exploited
for calibration

« Proposed automatic calibration scheme works on simulated data

- Using redundant baselines allows one to sidestep certain
problems with traditional techniques (like the necessity of
having isolated point sources).
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